Abstract. This study is restriced to soil physical aspects of soil quality and -health with the objective to define procedures 10 with worldwide rather than only regional applicability, reflecting modern developments in soil physical research and 11 focusing on important questions regarding possible effects of soil degradation and climate change. In contrast to water and 12 air, soils cannot, even after much research, be characterized by a universally accepted quality definition and this hampers 13 the internal and external communication process. Soil quality expresses the capacity of the soil to function. Biomass 14 production is a primary function, next to filtering and organic matter accumulation, and can be modeled with soil-water-15 plant-atmosphere simulation models, as used in the agronomic yield-gap program that defines potential yields (Yp) for any 16 location on earth determined by radiation, temperature and standardized crop characteristics, assuming adequate water and 17 nutrient supply and lack of pests and diseases. The water-limited yield (Yw) reflects, in addition, the often limited water 18 availability at a particular location. Real yields (Ya) can be considered in relation to Yw to indicate yield gaps, to be
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33
The concept of Soil Health has been proposed to communicate the importance of soils to stakeholders and policy makers 
49
Techniques to determine aggregate stability and penotrometer resistance have been introduced many years ago (e.g. Kemper 
50
and Chepil, 1965; Lowery, 1986; Shaw et al., 1943) . Aggregate stability is a relatively static feature as compared with soil 51 temperature and moisture content with drawbacks in terms of (1) lack of uniform applied methodology (e.g. Almajmaie et Table 1) . Dynamic soil quality would reflect possible changes as 70 a result of soil use and management over a human time scale, which can have a semi-permanent character when considering 71 , for example, subsoil plowpans (e.g. Mobius-Clune et al, 2016) . This was also recognized by Droogers and Bouma, (1997) 72 and Rossiter and Bouma (2018) when defining different soil phenoforms reflecting effects of land use for a given genoform 73 as distinguished in soil classification. Distinction of different soil phenoforms was next translated into a range of 74 characteristic different soil qualities by using simulation techniques (Bouma and Droogers, 1998) . Soil health at a given 75 time could next be considered to represent actual quality conditions, fitting into this particular soil quality range.
76
The term soil health appears to have a higher appeal for land users and citizens at large than the more academic term soil 77 quality, possibly because the term "health" has a direct connotation with human wellbeing in contrast to the more distant 78 and abstract term: "quality". Humans differ and so do soils; some soils are genetically more healthy than others and a given 79 soil can have different degrees of health at any given time, which depends not only on soil properties but also on past and 
85
the attractive analogy with human health not only implies that "health" has to be associated with particular soil individuals 86 ( usually expressed in terms of a given soil series), but also to climate zones. In addition, current questions about soil 87 behavior often deal with possible effects of climate change. In this paper, the proposed systems analysis can -in contrast 88 to the procedures presented so far-also deal with this issue. Using soils as a basis for the analysis is only realistic when soil 89 types can be unambiguously defined, as was demonstrated by for five soil series in the Italian 90 Destre Sele area. In most developed countries where soil surveys have been completed, soil databases provide extensive 91 information on the various soil series, including parameters needed to define soil quality and soil health in a systems-92 analysis as shown, for example, for clay soils in the Netherlands (Bouma and Wösten, 2016 quantitative, interdisciplinary integration of soil-water-plant-atmosphere processes that are key to both the soil quality and 107 soil health definitions, as mentioned above.
108
In summary, the objectives of this paper are to: (i) explore alternative procedures to characterize: "soil physical quality 109 and health" applying a systems analysis by modeling the soil-water-plant-atmosphere system, an analysis that is valid 
129
However, in the context of this paper, attention will be focused on the soil functions.
130
Soil physical aspects play a crucial role when considering the role of soil in biomass production, as expressed by Function 
136
For example, compact plow-pans, resulting from applying pressure on wet soil by agricultural machinery, can strongly 137 reduce rooting depth. In fact, soil compaction is a major form of soil degradation that may affect up to 30% of soils in some 
204
The ratio (Ya/Yw)x100 is calculated to obtain a numerical value that represents "soil health" as a point value, representing 205 actual conditions. Health is relatively low when real conditions occur in the lower part of the soil quality range for that 
238
Simulations were run considering a soil without assumed degradation phenomena (the reference) and for three variants with 
251
The "Destra Sele" study area, the plain of the River Sele (22,000 ha, of which 18,500 ha is farmed) is situated in the south 252 of Campania, southern Italy (Fig. 1) 
305
The projected effects of soil compaction are shown in Figure 4 . The effects of compaction are very 306 strong in all soils, demonstrating that restricting the rooting depth has major effects on soil production. 
350
Linking soil quality and health to specific and well defined soil types is essential because soil types, such as the soil series 
358
In this exploratory study, hypothetical effects of three forms of soil degradation were tested. In reality, soil researchers 
364
One could argue that this "range" acts as a "thermometer" for a particular type of soil allowing determination of the physical
365
"health" of a given soil by the placement of Ya. 
